This paper reports the results of a quantitative analysis examining factors affecting electronic journal usage at the J.N. Desmarais Library of Laurentian University. This study covered an 11-year period from 2000 to 2010. The number of full-text articles downloaded was compared to the size of the e-journal collection, the number of students, and the number of faculty members at the university: all of which exerted varying degrees of influence on the rate of use of e-journals. Pearson's Product-Moment Correlation Coefficients were calculated to determine the strength of any existing linear relationship. Although the size of the e-journal collection did impact its level of use, there seems to be a "critical mass" which, once reached, will slow or stop any further increase in usage. Among the student population, the number of doctoral students demonstrated the strongest linear relationship to the use of the e-journal collection while the undergraduate population showed the least strong linear relationship. Faculty members were important users of the library's e-journal collection, but the linear relationship was not as strong as that observed for graduate students. In fact, faculty members demonstrated the least strong linear relationship of all segments of the Laurentian University community. It may be wise for the library to consult not only its faculty members but also its graduate students when seeking advice on collection building and management.
Introduction
The purpose of this paper is to report the results of a quantitative analysis of possible factors that may be influencing electronic journal usage at the J.N. Desmarais Library of Laurentian University 1 . It examines both current usage data and data from previous years in an attempt to establish persistent utilization patterns of the electronic collection.
This study covered an 11-year period, from 2000 to 2010. Understanding which factor or factors exert an influence over the usage of an electronic collection for an extended period of time can be an important advantage to collection development and management. Greater focus can be given to the purchase or retention of certain individual electronic journals or vendor packages based on established and persistent patterns of use.
A previous attempt to identify and explain such factors at Laurentian University had been made a few years ago but did not go beyond 2006 data (Lamothe). That study also restricted itself to total student numbers as a factor. This analysis will go further as it not only tracked total student numbers but also studied the level of interaction between the e-journal collection and undergraduate and graduate populations, as well as faculty. Faculty members are an important segment of the university community as they both teach and perform research.
Methods
The number of unique e-journal titles was obtained by counting journals that are part of full-text subject databases (i.e., ABI/Inform, Academic Search Complete, Academic OneFile), full-text e-journal suites (i.e., BioOne, ScienceDirect, SpringerLink) and individual e-journal subscriptions. A complete list of databases, suites and individual subscriptions used during the course of this study is provided as Appendix 1. E-journal titles were only counted once even if they were found to be part of more than one fulltext database or suite. For instance, an e-journal included in Academic Search Complete, Academic OneFile, and BioOne was not counted three times but only as a single title. The change in the number of e-journals was monitored from year to year in order to determine the existence, if any, of a relationship between the use and the size of the collection.
The number of full-text articles downloaded, viewed or printed was also tracked. For the purpose of this study and for the sake of simplicity, an online article that was downloaded, viewed or printed will always be reported as an "article downloaded" regardless of whether or not the article was actually downloaded. All vendors provided COUNTER-compliant usage statistics.
Data for the number of e-journals in the library's collection as well as the number of articles downloaded was available from 2000 through 2010. Faculty and student numbers were only available from 2003 onward.
The number of students and faculty for each year was obtained from Laurentian University's Office of Institutional Research. The total number of students was reported, as well as a breakdown into undergraduate and graduate segments. The graduate segment was further separated into its master's and doctoral student components.
the sciences, social sciences and humanities with 94 undergraduate, 18 master's and 6 doctoral degrees offered. Also in 2010, over 365 full-time faculty members taught and performed research.
In order to better understand e-journal usage quantitatively, ratios were calculated to compare the number of articles downloaded to the size of the e-journal collection. This was achieved by dividing the number of downloads by the number of e-journals (# downloads / # e-journals). The act of dividing one number by another is often done to control for an extraneous factor, such as population size . In this case, population size is the size of the e-journal collection. All ratios were expressed in decimal form.
The "downloads per e-journal" ratios can give a comparative indication of the level of use a collection has seen for any given period of time; the greater the value of the ratio, the greater the relative use. It is also important to note that such a ratio should never be interpreted as representing actual usage per e-journal but rather as a relative or comparative value. For instance, a "downloads per e-journal" ratio of 55 should never be interpreted as meaning that each e-journal of the collection has had 55 articles downloaded.
A Pearson Product-Moment Correlation Coefficient was calculated to determine the strength of the linear relationship, if any, between variables such as the number of articles downloaded and the number of faculty members. A perfect linear relationship would have a correlation coefficient of either 1 or -1; on the other hand, the closer to 0 the coefficient, the weaker the linear relationship . It must also be made clear that a strong linear relationship does not automatically imply an equally strong cause-and-effect relationship. A linear relationship measures the change in magnitude of one of the variables as the magnitude of the second variable changes . In this manner, a strong linear relationship can allow the researcher to estimate the value of one variable by observing another, independent variable. All correlation coefficients were calculated with MS-Excel. Correlation coefficients were also calculated based on the entire range of data available for this study. In other words, the coefficient calculated between the number of e-journals and the number of articles downloaded included data from 2000 up to and including 2010. Correlation coefficients representing the linear relationship between student and faculty numbers and the number of articles downloaded included data from 2003 up to and including 2010.
Results and Discussion
It is clear from Figure 1 that the e-journal collection at the J.N. Desmarais Library has been substantially utilized over the years, with a total of 4 million articles downloaded since 2000. This should not come as a surprise as such increases in use have been reported by other institutions . Prior to 2004, the e-journal collection saw relatively little activity, with annual article downloads in the hundreds as opposed to the tens of thousands of downloads observed in later years (Table 1) . From 2004 to 2006, use of the e-journal collection suddenly and exponentially increased (Figure 1 ). These same observations were reported by Lamothe in 2008; however, with the addition of four years worth of data a different trend has emerged. After this exponential rise in the number of articles downloaded, usage reached a plateau for almost four years before increasing once again.
It is understandable that an exponential increase in use may not be sustained over an extended period of time and that changes in the curve would be expected, but what could cause usage to level off almost as suddenly as it had increased? 1) Number of e-journals: Table 1 provides numerical details regarding the change in the number of e-journals as well as the change in the number of articles downloaded from year to year. It is clear that both the number of e-journals and the number of articles downloaded have increased from one year to the next. This upward trend can be visually observed in Figure 2 . It is also clear from Figure 2 that the growth in usage did not closely follow the growth of the e-journal collection. Prior to 2005, there were more e-journals available than there were articles downloaded. That linear relationship changed after 2005 when usage suddenly spiked. After reaching a plateau in the number of downloads, the size of the collection continued to increase at a regular pace. In 2000 and 2001, the only e-journals available to the library were those available as complimentary access to print subscriptions. These were few in number (Table 1) . In 2002, access to the Proquest full-text database ABI/Inform was purchased. This added several thousand titles to the collection. The following year saw the addition of Ebsco's Academic Search Premier resulting in the growth of the collection by another 4,000 unique e-journals. The following years saw the purchase of large e-journal packages from Elsevier, Springer and Wiley thanks to consortially negotiated e-journal suites. Since then, consortia purchases have been critical in the expansion of the e-journal collection at the J.N. Desmarais Library.
The size of an e-journal collection has often been linked to a greater acceptance by patrons and an increase in use as soon as a "critical mass" had been reached Hurd, Williams, . The J.N. Desmarais Library may have reached this "critical mass" in 2004 and 2005 when it observed an incredible increase in the number of articles downloaded. That period of time saw the size of the e-journal collection grow from 8,500 titles to over 13,600 (a 60% increase). During that same period of time the number of downloads rose by an astonishing 93%. A similar increase in collection size in 2008 however, actually yielded a 2% drop in the number of articles downloaded. Logic would dictate that if collection size had a direct impact on usage then the more titles added, the greater the number of downloads would be observed. This did not happen.
Could this suggest that our critical mass had indeed been reached? If so, adding new, large e-journal packages would be pointless and an unnecessary cost. If the current size and content of the e-journal collection meets the needs of our faculty and student population it would be unwise to continue to lock ourselves into pricey annual subscriptions.
Calculating the correlation coefficient shows a relatively strong linear relationship between the number of e-journals and the number of articles downloaded (r = 0.82). As noted earlier, the correlation coefficient was calculated based on data available from 2000 up to and including 2010. In contrast, performing the same calculations on the data of Lamothe's (2008) initial study indicated a much stronger linear relationship (r = 0.92). This correlation coefficient was calculated based on data available from 2000 up to and including 2006.
First, this clearly demonstrates that the strength of a linear relationship between two variables can change over time. When searching for persistent patterns of use it is therefore necessary to examine data over a long period of time. Second, the decrease in linear relationship strength between the two studies may also suggest that there are other factors exerting influence over usage.
The existence of a strong linear relationship between two variables does not reveal which of the two is the actual contributor to the relationship strength. It does not mean that a greater number of e-journals will directly cause a greater number of articles to be downloaded. Although it would be logical to consider the number of e-journals as the independent variable and contributor to the level of usage the e-journal collection has observed, a correlation coefficient simply does not point to the cause of a relationship: it merely indicates that one exists.
The "downloads per e-journal" ratio provided a comparative analysis of collection use (Table 1) . Apart from 2000 and 2001 when the library only had access to 16 and 17 ejournals respectively, the largest ratios were observed for 2006 and 2007 (36.44 and 30.11, respectively) . This corresponds to the period when the exponential increase in usage ended. The "downloads per e-journal" ratio for the subsequent years consistently decreased in value (18.58 for 2008, 16.97 for 2009 and 14.58 for 2010) . The size of the e-journal collection continued to grow without seeing any proportional increase in usage. Again, this could be viewed as an indication that the collection had reached a size that answered the needs of the University community. A "downloads per e-journal" ratio can be a valuable tool to identify at which point a collection may no longer need substantial growth but rather a revision of its current contents.
The 15% increase in downloads observed in 2010 may also be explained in part by the following. During the previous five years, the J.N. Desmarais Library had been canceling print titles in favour of the more convenient electronic. Many other institutions have done the same (Sprague and Chambers 19-31; Spencer and Millson-Martula 135-155; Rupp-Serran, Robbins and Cain 369-378), but during the summers of 2009 and 2010, the print titles duplicated in electronic format were removed from the library's shelves. This may explain, in part, the increase in the number of articles downloaded observed in 2010, even if the "critical mass" of e-journals had been reached. Patrons no longer had a choice, they were forced to go to the online version regardless of personal preferences.
2) Number of students: Figure 3 and Table 2 both illustrate the change in the total number of students enrolled at Laurentian University between 2003 and 2010. The student population increased steadily until reaching a peak of 9,100 in 2006. From this point, enrollment began to drop, again steadily, during the following two years to reach a low of 8,632 before rebounding to 9,246; a level greater than that observed in 2006. Lamothe suggested that the "double cohort" would have had a direct impact on the use of the e-journal collection. The "double cohort" is defined as the abrupt increase in postsecondary enrollment in 2003. It resulted from secondary school reforms enacted by the Government of Ontario when Grade 13 was eliminated from the curriculum thereby reducing the number of years of high-school from 5 to 4. Students from both the new Grade 12 curriculum and the old Grade 13 graduated from high school in the same year. This essentially doubled not only the overall number of students graduating from Ontario secondary schools, but also the number of first year students entering their post-secondary studies.
At Laurentian University, an additional 1,300 students (or 21% above normal) not only began their studies in 2003 but also continued to be present for the duration of their program of choice, typically 4 years (bachelor's honour). Many of them also continued on to enroll in graduate programs.
If this had been a critical factor, a substantial drop in the number of articles downloaded would have been expected after 2007 or 2008. This was not the case. Rather, usage reached a plateau during the 2006 and 2007 academic year and remained steady from one year to the next up until 2010 when another increase in the number of articles downloaded occurred. Though it is surely an important factor in the overall usage, the size of the total student population may not be as critical as previously believed.
A correlation coefficient of r = 0.80 was calculated between the total number of students and the number of articles downloaded. It does indicate a strong linear relationship between the number of students and the number of articles downloaded, a relationship that is numerically similar in strength to that of the relationship between the number of e-journals and the number of articles downloaded (r = 0.82). However, and as stated previously, a large correlation coefficient value does not imply a causal relationship. For this reason, this analysis does not claim that an increase in enrollment will automatically translate into an increase in usage. Rather, the strong linear relationship is indicative of a possible link between student numbers and online usage that warrants further statistical analysis.
Furthermore, one can observe similarities between the curve representing the number of students and the curve representing the number of downloads, especially for the years 2007 to 2009 (Figure 3 ).
What would be seen if the total student population were examined not as a single entity but rather clustered by academic level? Would a different pattern emerge if the number of downloads was compared to the number of graduate students and undergraduate students separately? As can be seen in Figure 4 and Table 2 , the size of the undergraduate population remained relatively linear with moderate increases and decreases that could be attributed to the "double cohort" effect. The decreases seen in 2006 and 2007 may be the result of a larger number of undergraduate students graduating. In fact, that period saw the largest graduating class Laurentian University had ever seen, with 2,090 students receiving their diplomas (Institutional Planning Office). Despite the drop in undergraduate numbers (see Table 2 ), the number of articles downloaded (see Table 1 ) remained comparatively constant.
After 2007, enrolment trends began to drop and nearly approached levels seen prior to the double cohort entering the picture in 2003. However, a second upward trend began in 2009, possibly as the result of the most recent economic downturn. Periods of economic decline have been linked to increases in college and university enrollment (Bushon A24; Douglass and University of California). As jobs are lost and unemployment rates rise, people are encouraged to enroll in postsecondary institutions (Samitamana) .
The population of undergraduate students typically comprised anywhere between 92% and 95% of the total student body. It is, therefore, unsurprising to see the same pattern of growth appear for undergraduates as for the total student population. Even the correlation coefficient is almost identical with r = 0.79. On the other hand, the growth of the graduate student population is slightly different. As seen in both Table 2 and Figure 5 , growth was fairly steady until 2007 when it jumped by nearly 100 students. With the "double cohort" exiting the undergraduate system in the spring of 2007, it would have been expected that at least some of these students would be enrolling in graduate programs for the fall of 2007. In 2003, Laurentian University saw a 20% increase in the number of undergraduate students; in 2007, it experienced a 14% increase in the number of graduate students. When calculating the correlation coefficient however, it was much higher (r = 0.93) than that for the undergraduate population (r = 0.79) indicating a much stronger linear relationship. Based on such a high correlation coefficient value, it would be tempting to speculate that the graduate student population would have a greater impact on usage than the undergraduate student population, but that may not be the case.
It has been confirmed that undergraduate students do not tend to use scholarly journals in any format, unless they are either specifically instructed or forced to do so , whereas 80% of graduate students actively do (Dillon and Hahn, (375) (376) (377) (378) (379) (380) (381) (382) (383) (384) (385) (386) (387) (388) (389) (390) . When undergraduate students use e-journals it is for two reasons: access to the information is simple and there is no need to photocopy the article (Serotkin, . "Undergraduate student research strategy has always been governed by the law of least effort" (Doyle-Wilch and Tracy 1-16).
Undergraduate student information-seeking behaviour is also very different from that of graduate students. When working on assignments, they tend to pick Web search engines such as Google over a library's online database (O'Farrell and Bates 302-315) with web sites being the main source of information for their term papers . In a 2010 study, Ani (555-567) reported that nearly 90% of undergraduate students do access the Web for information relating to their class assignments and term papers but only 40% of those actually used the library's online databases and ejournals. There is definitely a much greater reliance on non-library related Web tools such as Wikipedia .
It was also discovered that this trend tends to reverse as students progress through their studies. In a 2005 study, Callinan reported that 60% of students in their final year of undergraduate studies used the library's electronic collection compared to 27% of first year students .
The motivation of graduate students is very different from that of undergraduates. Graduate studies tend to focus on a research project that is designed, managed, carried out and analyzed by the student. Undergraduate student work is typically related to class assignments. There is also a perception among graduate students that their success is directly related to the "quality and originality" of their research ) which renders the library more "indispensable and familiar to graduate than to undergraduate students" (Jankowska, .
The tools that graduate students use to do their research can have a significant impact on the quality and quantity of information they find and consequently use. A subject database (e.g., BIOSIS, Sociological Abstracts) will yield a greater number of pertinent results compared to running the same search in a primary database such as Academic Search Complete . Undergraduate students have a perception that such primary full-text databases contain all the information they need for their studies, and for this reason, they have no need to search elsewhere (Bartsch and Tydlacka 128-134). Some instructors have even observed that their students refuse to use other tools to find relevant literature . With OpenURL resolvers, even a database containing no full-text can lead to the retrieval of a larger number of e-journal articles. Furthermore, the "osmosis effect" can contribute to a larger number of downloaded articles by this segment of the student population. The "osmosis effect" stems from the belief that, if an article is either downloaded or printed, the content is automatically absorbed (O'Neill 13-15).
A further breakdown of the graduate population into its master's and doctoral components revealed even more differences. Table 3 provides the number of students enrolled in all master's and doctorate programs at Laurentian University. Compared to master's numbers, which dropped slightly in 2009, the number of doctoral students has grown more sharply than any other segment of the student population ( Figure 6 ). Actually, the doctoral student population has seen the greatest amount of growth of any segment of the Laurentian University community. Figure 6 represents the existing linear relationship between the number of master's students and the number of articles downloaded. It resembles more closely that of the graduate student body as a whole ( Figure 5 ) than that of doctoral students (Figure 7 ). This should not come as a surprise since master's students comprise anywhere from 82% to 100% of the entire graduate student population, depending upon the year. The number of master's students appears to have a somewhat closer linear relationship to the number of articles downloaded than does the size of the undergraduate population (Figure 3 ). The correlation coefficient was calculated to be r = 0.81. This is only slightly higher than the correlation observed for the undergraduate segment of the student population (r = 0.79) but far below that for the entire graduate population (r = 0.93). The fact that the size of the master's students segment seems to have a correlation coefficient so much lower than that calculated for the entire graduate population would suggest that the size of the doctoral student population may, in fact, be of greater importance for e-journal usage. 6  2005  524  28  2006  506  40  2007  555  81  2008  616  98  2009  597  113  2010 618 135
The first doctorate programs were offered in 2004 with 6 students enrolled. It is also important to note that the greatest increase in the number of articles downloaded was seen in 2004. The number of downloads increased from 4,890 in 2003 to 72,841 in 2004. This was an astounding increase of 93.2%. It is possible that this increase was due to the fact that Laurentian University began offering doctoral programs. Figure 7 illustrates an even closer linear relationship between the number of students and the number of articles downloaded for any given year. The correlation coefficient is r = 0.90 indicating a very strong linear relationship, even stronger than those observed for master's students (r = 0.81) and undergraduate students (r = 0.79). This could be explained by the fact that doctoral students are heavily involved in research projects and that background reading is necessary. In fact, reported that 99.5% of articles retrieved were for the purpose of research and the writing of proposals and reports, as well as that of teaching. Of that, 75% were specifically related to research (Tenopir and King) . Nearly 80% of doctoral students regularly use e-journals (King and Montgomery): mainly for the purpose of managing their research projects . As doctoral students are being prepared to become the new faculty, they become involved in both research and teaching .
Doctoral students depend on their library providing access to e-journals rather than using personal subscriptions that tend to be held by faculty members (King and Montgomery) . A 1999 citation analysis on clinical psychology dissertations by found that doctoral students relied heavily on journals for their research, more than even master's students (Research Information Network; Thomas 1-7). In fact, a library's expenditure on its e-journal collection and its subsequent use has been strongly correlated to the number of Ph.D. awards and research grants granted at UK universities (Research Information Network). It therefore comes as no surprise to see such a strong linear relationship existing between doctoral students and e-journal usage. In addition, the 15% increase in the number of articles downloaded in 2010 corresponds to the 16% increase in doctoral students seen in the same year.
In no way does this data analysis demonstrate that the number of doctoral students has a direct impact on usage numbers, but the strong linear relationship does suggest the possibility that they do contribute significantly to online usage levels: a suggestion that warrants further analysis. Furthermore, such a large correlation coefficient could suggest that the library might be able to estimate future usage levels based on student numbers. In 2008, Laurentian University, as with many institutions of higher learning, was struggling with its own financial crisis caused, in part, by the global economic downturn. Consequently, the university began to offer retirement incentives and buy-out packages as a way of reducing expenditures. In addition, departing faculty members were not replaced. The result was a sharp 18% drop in faculty membership.
3) Faculty numbers:
It was very interesting to observe that the negative change in the size of the faculty population did not translate into a negative change in the number of downloaded articles. In fact, a correlation coefficient of r = 0.75 was calculated. This still represented a relatively strong linear relationship between faculty numbers and the number of articles downloaded, but it is, by far, the lowest correlation of all variables studied to date.
Faculty use of e-journals has increased substantially over the years (Tenopir et al.; Maughan) with nearly 80% admitting to having used e-journals on a monthly basis . Many faculty members now realize that electronic resources have allowed them to keep abreast of current issues far better than before , but have pointed out that a large portion of today's academic faculty completed their degrees during a time when only print indexes and journals existed. Personal subscriptions, purchased because particular titles were unavailable through the library, also account for a large number of articles that faculty use .
The difference in the linear relationship in e-journal usage between faculty members and students may be explained by the generational difference that currently exists between the two groups. 
Conclusions
This analysis has revealed that the size of an e-journal collection has an impact on its level of use. There seems to be a "critical mass" which, once reached, will slow or stop any further increase in usage. At Laurentian University, this "critical mass" of e-journals seems to have been reached in 2006. At that point, the number of articles downloaded failed to continue to increase exponentially as it had between 2003 and 2005. Rather, the number of articles downloaded remained fairly consistent for the following four years. The e-journal collection, however, continued to grow at a fairly consistent rate. The collection may no longer need substantial growth but rather a revision of its current contents.
The population of doctoral students demonstrates the strongest linear relationship to ejournal usage among Laurentian University students while the undergraduate population showed the least strong relationship. A large Pearson's correlation coefficient, or a strong linear relationship, does not establish a cause-and-effect relationship between ejournal usage and student numbers, but it can be a useful tool nonetheless. Based on the strength of the linear relationship between the number of doctoral students and the number of articles downloaded, the library can potentially estimate future e-journal usage by observing the number of students enrolled in Ph.D. programs.
Strong linear relationships can also point to the possible existence of causal relationships, which would then warrant further statistical analysis. In terms of doctoral students, future study can be extremely important in shaping the direction that the library follows to responsibly manage its e-journal collection. Additional resources could be purchased to directly assist those programs offering doctorate degrees.
Faculty members are important users of the library's e-journal collection, but the linear relationship was not as strong as that observed for graduate students, especially those enrolled in doctoral programs. In fact, faculty members demonstrated the weakest linear relationship of all segments of the Laurentian University community.
It may be wise for the library to consult not only faculty members but also their graduate students when seeking advice on collection building and management. If graduate students are the primary clients of the library, their input can be valuable in shaping the library's collection to accurately reflect the needs of the community it serves. 
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